Introduction to the management issues in the treatment of neuroendocrine tumors (NETs)
Neuroendocrine neoplasms (NENs) are defined as epithelial tumors with predominant neuroendocrine differentiation. NENs can virtually arise in all organs of the body, although the majority originates from the gastroenteropancreatic (GEP) system or the bronchopulmonary tract. 1 NENs can be classified into clinically relevant groups based primarily on their hormonal activity (functional or nonfunctional tumors), histological characteristics (proliferative index and grade of differentiation) and embryonic origin of primary site. 1, 2 However, the classification of NENs is complex because there is no one single nomenclature, grading or staging system that is suitable for all NENs from the different anatomic sites. In general, NENs are divided into well-differentiated and poorly differentiated categories. 3 The European Neuroendocrine Tumor Society (ENETS) and the World Health Organization (WHO) 2010 classification systems for GEP NENs categorize tumors as well-differentiated NETs that can be divided into grade 1 and grade 2 depending on their proliferation rate (mitosis number and KI-67 labeling index) and poorly differentiated neuroendocrine carcinomas (NECs), grade 3. [4] [5] [6] However, the ENETS recommendations for pulmonary carcinoids and the WHO 2015 classifications of lung and thymus NENs slightly differ. In addition to KI-67, they take into account the grade of necrosis and define three distinct subgroups: typical carcinoid, atypical carcinoid (that would correspond to NET grades 1 and 2, respectively) and large-and small-cell NECs (equivalent to grade 3; Table 1 ). 7, 8 Radical surgery is the only curative treatment for NETs, although other locoregional therapies, such as radiofrequency, are considered effectively as antitumor treatment and in relieving symptoms whenever resection is not possible. 9, 10 The aim of therapy for patients with advanced NETs will be to achieve tumor control through eradicating or stabilizing disease, prolonging survival and relieving the symptoms of functional tumors, while maintaining the quality of life (QoL). Fortunately, over the past decade, different treatment options in the setting of metastatic disease have been evolving, which include systemic treatment with somatostatin analogs (SSAs), interferon-α (INF-α), peptide receptor radiotargeted therapy (PRRT), cytotoxic chemotherapy or molecular target agents (Table 2) . [11] [12] [13] [14] [15] However, none of these approaches have been directly compared in randomized clinical trials, and therefore, there are still unresolved questions around which is the best treatment sequence. [11] [12] [13] 16 Therapeutic decisions are, at the moment, guided by clinical judgment, based on different parameters such as the primary site of the tumor, functionality, histology and grading, uptake on somatostatin receptor imaging, tumor burden and the presence of extrahepatic disease. 8, 13 This review focuses on the role of everolimus, an mTOR inhibitor approved for the treatment of advanced pancreatic NETs (pNETs) and advanced nonfunctional gastrointestinal and lung NETs.
Overview of pharmacology, mode of action, pharmacokinetics of everolimus in NETs
mTOR is a serine/threonine kinase intermediary within the phosphoinositide 3-kinase (PI3K)-Akt pathway that recognizes stress signals (e.g., nutrient and energy depletion, oxidative or hypoxic stress and proliferative and survival signals) and regulates cell survival, proliferation and apoptosis ( Figure 1 ). There are two multiprotein complexes: mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2). 17, 18 
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Everolimus in neuroendocrine tumors PI3K/Akt signaling regulates mTOR through inactivation of tuberous sclerosis complex-2 (TSC2), a negative regulator of mTOR. mTORC1 activation results in phosphorylation of its effectors, 4EBP1 and S6K1, which enhance cell proliferation, survival and angiogenesis through the translation of cyclin D1, Bcl-2, Bcl-xL, hypoxia-inducible factor-1 (HIF-1) and VEGF. The role of mTORC2 is less well defined, but is known to directly phosphorylate Akt, leading to full Akt activation.
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PI3K/Akt signaling pathway has been shown to be deregulated in several human malignancies, including NETs, through several mechanisms, including overexpression or activation of growth factor receptors such as insulin-like growth factor receptor (IGFR), human epidermal growth factor receptor 2 (HER-2), mutations in PI3K and mutations/ amplifications of Akt. [19] [20] [21] [22] [23] [24] [25] Ras/MAPK signaling can also inhibit TSC2 leading to mTOR activation. 26 mTORC1 can be pharmacologically inhibited by the macrolide rapamycin. Rapamycin forms a complex with FK506-binding protein 12 (FKBP12), and this complex binds and inhibits mTORC1, leading to cell cycle arrest, inhibition of endothelial cell proliferation, HIF-1 and VEGF expression and angiogenesis. 18, 19, 27 In contrast, mTORC2 is believed to be insensitive to rapamycin. However, it has been shown that prolonged rapamycin treatment reduces mTORC2 levels and inhibits Akt activation in some cell lines. 19 Everolimus [Afinitor ® , RAD-001 (40-O-(2-hydroxyethyl)-rapamycin)] is a rapamycin analog (rapalog) that has been developed to improve the pharmacokinetic characteristics of rapamycin, mostly its oral bioavailability. [28] [29] [30] Oral everolimus is absorbed rapidly and achieves peak concentration (C max ) after 1-2 hours. Steady state is reached within 7 days. The steady-state peak, concentrations and area under the concentration-time curve (AUC) are proportional to dosage. In adults, everolimus pharmacokinetic characteristics do not differ according to age, weight or sex. 30 Everolimus is metabolized mainly by CYPP450, CYP3A4, 3A5 and 2C8 in the gut and liver. 30, 31 Approximately 98% of everolimus is excreted in the bile in the form of metabolites and 2% is excreted in the urine. The elimination half-life ranges from 18 to 35 hours. 24, 30, 32, 33 
Activity of everolimus in patients with NETs
Everolimus has been shown to inhibit proliferation of different human solid tumors in preclinical studies. [34] [35] [36] [37] Several Phase II studies have shown a promising antitumor activity in advanced NETs of different anatomic sites (Table 3) . 38 , 39 Yao et al 40 conducted a single institution, Phase II trial to evaluate the efficacy of everolimus 5 or 10 mg/day in combination with octreotide long-acting repeatable (LAR) 30 mg every 28 days in 60 patients with NETs of different anatomical locations. They showed a promising antitumor activity, with 22% of partial response (PR), 70% of stable disease (SD) and progression-free survival (PFS) of 60 weeks. 
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The encouraging results in this single-institution trial led to the development of a longer, multinational, singlearm, Phase II trial, RAD001 in Advanced Neuroendocrine Tumors (RADIANT)-1. This study assesses the efficacy of everolimus 10 mg/day, with or without concomitant octreotide LAR 30 mg in 160 patients with metastatic pNETs who had progressed after chemotherapy. Patients were stratified by prior SSAs (stratum 1: no prior SSAs and stratum 2: prior SSAs). Patients who had previously received SSAs were continued on these agents. The study showed antitumor activity as measured by overall response rate (ORR) and PFS. In stratum 1, PR was 10%, SD was 68% and PFS was 9.7 months. In stratum 2, PR was 4%, SD was 80% and median PFS was 16.7 months. The differences between the two groups were not statistically significant, although the study was not designed to evaluate whether combination therapy was superior to monotherapy. 41 Due to the promising results of everolimus in these Phase II trials, several randomized, multicenter studies were carried out under the umbrella of the RADIANT program to analyze the efficacy of everolimus in advanced NETs (Table 4) .
Pavel et al 42 conducted the RADIANT-2 trial, an international, double-blind, Phase III study, that compared the efficacy of everolimus 10 mg/day with placebo, both in conjunction with octreotide LAR 30 mg every 28 days in advanced functional GEP and lung NETs. The study included 429 patients, and crossover to everolimus was allowed at disease progression. The trial showed an increase in PFS in patients receiving everolimus (16.4 versus 11.3 months; hazard ratio [HR]: 0.77; p=0.026), failing to reach the level of prespecified boundary for significance (p≤0.0246). Despite the fact that the study did not meet its primary end point, the results provided an initial indication of the potential antitumor effect of everolimus in patients with NETs. No differences were observed in overall survival (OS) among the study arms, probably due to the high proportion of patients on the placebo arm crossed over to everolimus at disease progression (58%). 43 Yao et al 44 conducted another Phase III study, the RADIANT-3, in 410 patients with advanced pNETs who were randomly assigned to monotherapy with everolimus 10 mg/ day or placebo, with also a double-blind crossover study design. As in the previous studies, ORR was low (5%), but patients treated with everolimus had a significantly longer PFS (11.4 versus 5.4 months; HR: 0.34, p<0.0001). Prespecified subgroup analyses indicated that the benefit was maintained across subgroups, irrespective of prior chemotherapy or SSA therapy, performance status, age, sex, race, geographic region and tumor grade. After adjusting for crossover bias (85% of patients), the results showed a nonsignificant prolongation in median OS of 6.3 months with everolimus compared with placebo (44.0 versus 37.7 months; HR: 0.94; p=0.3). 45 In 2011, based on the results of RADIANT-3, the US Food and Drug Administration (FDA) and European Medical Agency (EMA) approved the use of everolimus for the treatment of progressive, advanced pNETs. 46 RADIANT-4 47 was a large placebo-controlled Phase III study, which evaluated the efficacy of monotherapy with Everolimus presents an acceptable safety profile. The most common adverse events observed in the RADIANT-2, RADIANT-3 and RADIANT-4 trials were stomatitis, rash, diarrhea, fatigue, infections, nausea and peripheral edema (Table 5 ), but only a small percentage of patients, about 5-7%, developed grade 3-4 toxicities. Drug-related pneumonitis, a well-known complication of everolimus, was reported in 8% of patients in RADIANT-2, 17% in RADIANT-3 and 16% in RADIANT-4, with 1-2% of grades 3-4. 42, 44, 47 Everolimus has been also shown to be safe in the realworld setting, as shown by a retrospective study conducted 
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Gajate et al by Panzuto et al 48 that analyzed 169 patients with NETs included in a compassionate use program (CUP). Overall, 85% of patients experienced adverse events, which were severe (grades 3-4) in 46%. During a median follow-up period of 12 months, the mortality rate was 28%. In total, 17 deaths occurred during everolimus treatment, none of which were directly attributed to the drug. There were some differences in safety profiles compared with the toxicity observed in the pivotal trials. Common adverse events observed in patients enrolled in the RADIANT trials, such as stomatitis, rash and diarrhea, were more rarely reported in this study. On the contrary, a higher number of thrombocytopenia (22%), renal failure (overall 17%, 3.5% grades 3-4) and severe pneumonitis (8% grades 3-4) events were observed in this study. The differences may be related to several factors, including a lower awareness of physicians who participated in the CUP of reporting mild toxicities, the retrospective nature of the study and the treatment administered before everolimus (PRRT in 50% of patients, chemotherapy in 50%, both treatments in 23%). The risk of any severe toxicity was in fact increased 12-fold in patients who had received both PRRT and chemotherapy prior to everolimus (87% of these patients, compared with 34% of other patients). However, a retrospective evaluation of the safety profile of everolimus in 24 patients with GEP NETs previously treated with 177 Lu-octreotate radionuclide therapy showed a safety profile consistent with the known safety profile of everolimus established in RADIANT trials. 49 Previous findings suggest that caution should be exercised when using this drug in pretreated patients and raise the issue of planning for everolimus before PRRT and chemotherapy in the therapeutic strategy for advanced NETs. 48 In addition to toxicity, in an often indolent or slowly progressive disease such as NETs, it is important to focus on QoL, which is a key factor in determining treatment options. However, there was a lack of extensive QoL information in NETs as the Phase III trials, RADIANT-2 and RADIANT-3, did not collect QoL data. In contrast to the previous trials, RADIANT-4 has measured QoL using a FACT-G (Functional Assessment of Cancer Therapy -General) questionnaire. In this study, the time to deterioration in FACT-G has been not significantly different in the two arms. 50, 51 There are also recent data published about QoL in patients on everolimus from an expanded access program involving 246 patients with NETs, where authors concluded that QoL remains stable throughout everolimus therapy. It is imperative that further trials in NETs include QoL data since they have become an important end point in clinical research to evaluate patients' wellness. [52] [53] [54] [55] [56] Role of everolimus in the daily life; can we expect the same activity in the "real world"?
The efficacy of everolimus in patients with NETs has also been analyzed in the real-word setting in a retrospective analysis conducted by Panzuto et al. 48 A total of 169 patients with advanced progressive NETs (85 with pNETs and 84 with non-pNETs) were treated with everolimus in a CUP. Patients' characteristics were similar to the pivotal trials. The study showed superimposable results to the registration studies, achieving tumor control in 76% patients, with SD in 68% and PR in 7.7% of patients. Median PFS was 12 months, with similar values in patients with pNETs and non-pNETs (11 and 12 months, respectively). Median OS was 32 months. Interestingly, the Ki-67 value of 12% was identified as a better cutoff between responders and nonresponders. A second study with 44 GEP-NET patients treated with everolimus or sunitinib confirmed these data in the real-world setting. PFS with everolimus was 16.6 and 14.7 months in pNETs and gastrointestinal NETs, respectively.
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Combinations and ongoing trials of everolimus mTOR inhibitors produce mostly disease stabilization rather than tumor regression. Thereafter, there have been many attempts to combine mTOR-targeted therapies with other drugs to cause a cytotoxic effect rather than cytostatic response to produce tumor mass regressions.
It is known that rapalogs inhibit mTOR activity but induce upstream signaling, leading to Akt activation, potentially limiting antitumor activity. It has been observed that SSAs decrease PI3K/Akt signaling pathway in some models, and thus SSAs may theoretically enhance the antitumor activity of rapalogs. However, preclinical models have not clearly confirmed this synergy and clinical trials have shown discordant results. The previously mentioned Phase II trial of everolimus in combination with octreotide conducted by Yao et al 40 demonstrated promising clinical efficacy with an ORR of 22%. 58 In RADIANT-1, the combination of everolimus and octreotide seemed to result in a longer PFS than everolimus alone. Nevertheless, this result, as previously mentioned, may also be attributable to differences between patient cohorts. 41 Promising results from RADIANT-1 led to the subsequent Phase III RADIANT-2, where the addition of octreotide LAR to everolimus led to a trend toward improved PFS over octreotide alone, but without meeting the prespecified threshold for statistical significance. In fact, the Phase II Cancer Management and Research 2017:9 submit your manuscript | www.dovepress.com
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Everolimus in neuroendocrine tumors COOPERATE-2 trial evaluating everolimus with or without the SSA pasireotide in 160 patients with pNETs showed no significant increase in PFS with the addition of pasireotide to everolimus (PFS: 16.8 months with pasireotide compared with 16.6 months in patients treated with everolimus alone). 59 Subsequent studies, RADIANT-3 and RADIANT-4 trials, did not allow treatment with SSAs. Although the combination is well tolerated, the mentioned trials have caused much debate as to antineoplastic efficacy of the combination over either of the drugs alone. 42, 44, 47 Both VEGFR and mTOR inhibitors are active in NETs; thus, the combination of these agents is another possible synergistic strategy. Chan et al 39 evaluated the combination of everolimus and sorafenib in a Phase I trial of patients with advanced NET. While the combination seemed to be active (62% of patients had some degree of tumor shrinkage), toxicity concerns may preclude more widespread use. The combination of everolimus with bevacizumab may represent an alternative and potentially a more tolerable approach. This combination has also been found to be well tolerated and associated with antitumor activity in a single-arm Phase II study of patients with NETs conducted by Yao et al. 60 In another trial, CALGB 80701, a randomized Phase II study, the efficacy of everolimus versus everolimus plus bevacizumab was assessed in 150 patients with advanced pNETs. Treatment with both agents resulted in significantly higher response rates (31 versus 12%; p=0.005) and a slight increase in PFS (16.7 versus 14 months; HR: 0.80; p=0.12). However, more adverse events were detected in the combination group, including hypertension (38% grades 3-4 compared with 8% of the monotherapy arm), proteinuria (16% versus 1%), diarrhea (11% versus 1%) and hypophosphatemia (10% versus 1%). The frequency of grade 4 adverse events was 11% in both arms. 61 These results support the potential biological activity of the combination, but additional Phase III trials should be pursued to further confirm the benefit of everolimus and bevacizumab in NETs.
There are a growing number of ongoing studies that are evaluating other agents alone or in combination with everolimus in patients with NETs (Table 6 ). As NETs are highly vascularized tumors, some of these drugs target vascular pathways. Fosbretabulin, a potent tubulin-binding vascular disrupting agent, exerts its antitumor effect targeting blood vessels. X-82 and vatalanib are two orally available molecules that target VEGFRs and platelet-derived growth factor receptors. [62] [63] [64] [65] There are also trials with agents targeting components of the mTOR pathway or other pathways that lead to mTOR activation, trying to overcome tumor escape mechanisms. Some examples are cixutumumab and R1507, two fully humanized monoclonal antibodies that target IGF receptor 1; erlotinib, an EGFR inhibitor that may abrogate feedback loops that stimulate upstream signaling events such as PI3K and Akt in the context of mTOR inhibition; alpelisib, a selective oral inhibitor of the class I PI3K catalytic subunit p110α; BEZ235, a dual PI3K/mTOR inhibitor and sapanisertib that blocks both mTORC1 and mTORC2. [65] [66] [67] [68] [69] Other combination therapy examples with everolimus include SNX-5422, a heat shock protein 90 inhibitor, or chemotherapy such as temozolomide, streptozotocin (STZ) or 5-fluorouracil (5-FU). 
70
222
Conclusion: place in therapy
Several therapeutic options are now available for NET patients. Although the incidence of these tumors is increasing, NETs have been usually considered a rare entity. Prospective randomized trials, mostly for surgical treatment, ablative therapies and chemotherapy have been limited. In the past years, SSA, novel targeted drugs, such as everolimus and sunitinib, and PPRT have been evaluated versus placebo controlled in randomized Phase III trials in NETs. These trials have an impact on the current treatment recommendations in NETs; however, comparative clinical trials between all these options are still lacking and the different therapies cannot be placed in a specific sequence. Given the variety of treatment choices and the heterogeneity of NETs, it is strongly recommended to discuss NET patients in a multidisciplinary tumor board. Therapeutic decision-making will depend on the primary tumor site, its functional status, its rate of growth, grade, presence of extrahepatic disease, overall tumor burden and patient's comorbidities. Important considerations in the treatment of these indolent tumors should be the avoidance of toxicity and the maintenance of good QoL. Generally, target therapy is used in most patients with advanced NETs after progression on SSAs. Everolimus has demonstrated an improvement in PFS in two randomized Phase III trials, RADIANT-3 and RADIANT-4, in patients with pNET and nonfunctional NETs of gastrointestinal, lung or unknown primary origin, respectively. In these studies, prespecified subgroup analyses showed that the benefit was maintained across subgroups, irrespective of prior therapy, performance status, age, sex, race, tumor grade and primary tumor origin. While everolimus is approved for these indications, sunitinib is only approved in progressive pNET, and Lu-Dototate has shown benefit limited to midgut NETs. In addition, everolimus has shown benefit in a CUP in the real-world setting.
It is a common practice to combine everolimus with SSA in functionally active NETs. There might also be a rationale for this combination in nonfunctioning NETs given the high frequency of expression of somatostatin receptors; however, there is no clear evidence that the combination therapy of everolimus and SSA is superior to monotherapy with everolimus for antiproliferative purposes, and therefore the combination therapy cannot be recommended in nonfunctioning tumors. Side effects of everolimus are in general mild and include most frequently stomatitis, rash, diarrhea and fatigue. Another potential side effect is pneumonitis, although infrequent, it can be a more worrying toxicity and careful surveillance is required.
Everolimus has been robustly established as a welltolerable and effective treatment option in NETs. However, many questions remain, including the optimal combinations with other target agents intersecting cellular pathways, as well as sequencing strategies. Deeper understanding of the molecular landscape of NETs could help to find a biomarker to predict the efficacy of different available treatment options and also to draw the best treatment strategy for each individual patient.
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